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Abstract
The neutrino energy spectrum in semileptonic b-hadron decays with identified energetic electrons and muons has been 
measured. The observed relative energy sharing between the neutrino and the charged lepton is found to be well described 
with a W* polarization obtained from a free b-quark decay model with a (V—A) x(V—A) decay structure. The alternative 
of a ( V-t-A) x ( V—A) decay structure is excluded with a significance of more than 6 standard deviations. The possibility that 
hadronic corrections to the b-hadron decay destroy any W* polarization is disfavored by more than 3 standard deviations.
1. Introduction
Semileptonic b-quark decays, b~> qiv, are usually 
studied with energetic electrons, muons and charmed 
hadrons [ 1 ]. These decays can also be studied using 
neutrinos, which can be measured indirectly from the 
missing energy associated with the b-quark decay.
After quark masses are adjusted, a good descrip­
tion of the observed charged lepton spectrum from 
semileptonic b-hadron decays can be obtained with 
the free b-quark model [2]. Within this model the en­
ergy spectra and the relative energy sharing between 
the charged lepton and the neutrino depend on the 
structure of the weak charged current, the virtual W*. 
Assuming a similarity between the muon decay and 
the b-quark decay, parity violation effects due to the 
(V—A)x(V -A ) decay structure are predicted for 
semileptonic b-quark decays. According to this pic­
ture, the energy spectrum of the charged lepton is ex­
pected to be slightly harder than the neutrino energy 
spectrum. Gronau and Wakaizumi have pointed out 
that no strong experimental justification exists which
1 Supported by the German Bundesministerium für Forschung 
und Technologie.
2 Supported by the Hungarian OTKA fund under contract number 
2970.
3 Also supported by CONICET and Universidad Nacional de La 
Plata, CC 67, 1900 La Plata, Argentina.
4 Deceased.
can exclude the possibility of a ( V+A) x ( V—A) b- 
quark decay structure [ 3 ].
Recently, a measurement of the relative energy shar­
ing between the charged lepton and the neutrino was 
proposed as a way to measure the parity violation 
strength in b-hadron decays [4]. It was shown that the 
inclusive charged lepton spectrum can be described 
by any model, if the different exclusive b-hadron de­
cay modes and the mechanism of the b-hadron for­
mation at the Z peak are chosen appropriately within 
the experimental bounds. However, once the charged 
lepton spectrum is described, a definite prediction for 
the neutrino energy spectrum exists within the given 
model. Thus, a measurement of the relative energy 
sharing between the charged lepton and the neutrino 
is sensitive to the parity violation in semileptonic b- 
hadron decays. In detail it was found that such a mea­
surement should allow a (V—A) x (V—A ), the exotic 
(V-hA)x(V—A) and the kaon-like V x(V —A) de­
cay structures to be distinguished.
A measurement of the neutrino energy spectrum 
in tagged semileptonic b-hadron decays is described. 
The neutrino energy is obtained from the difference 
between the beam energy and the observed jet energy 
Ev ~ £beam — £jet- The analysis is restricted to two- 
jet events as this expression for the neutrino energy is 
not valid for hard three-jet events.
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2. The L3 detector and the hadronic event 
selection
The L3 detector consists of a central tracking 
chamber, a high resolution electromagnetic calorime­
ter composed of BGO crystals, a cylindrical array 
of scintillation counters, a uranium and brass hadron 
calorimeter with proportional wire chamber readout, 
and a precise muon spectrometer. These subdetec­
tors are installed in a 12 m diameter solenoid which
uniform
beam
detector can be found elsewhere [5].
Approximately one million hadronic Z decays, col­
lected during the 1991 and 1992 data taking periods, 
were selected using the criteria described in Ref, [6]. 
For this study only the events with a center-of-mass 
energy within 0.5 GeV of the Z mass have been ana­
lyzed. To ensure that the jets are well measured, the 
missing energy analysis is restricted to the hermetic 
barrel region of the experiment. In detail, the follow­
ing additional criteria are used:
- The visible energy in each hemisphere, defined with 
respect to the thrust axis of the event, has to be larger 
than 10% of the beam energy. The polar angle, 8h, 
of the momentum vector sum of all calorimeter clus­
ters associated with each hemisphere has to fulfill 
the condition |cos#h| < 0.7. For the hemisphere 
which is used for the neutrino measurement the con­
dition | cos#h| < 0.65 is required.
- To remove events with three hard isolated jets, it is 
required that the reconstructed invariant mass per 
hemisphere is less than 25 GeV and that the energy 
sum of all calorimeter clusters with | cos 81 > 0.74 
is smaller than 5 GeV.
- To remove events with hard initial state radiation 
and remaining background from two-photon pro­
cesses, events with a visible energy smaller than 
70% of the center-of-mass energy have to fulfill the 
condition that the missing transverse energy of the 
event is larger than 50% of the beam energy or that 
it is larger than the missing longitudinal energy.
- To remove remaining background from Z decays 
into T+T~{y), the number of charged tracks in the 
event has to be larger than four and at least three 
tracks, each with a transverse momentum with re­
spect to the beam of more than 150 MeV and a dis­
tance of closest approach to the event vertex smaller
than 1 mm, are found in one hemisphere.
With these criteria about 350k hadronic events are 
selected in the data and 611k events in the Monte 
Carlo. The fraction of background events from r+r - 
pairs and two-photon events are found to be negligible* 
The hadronic Monte Carlo events are simulated us­
ing JETSET [7] and a GEANT based description 
of the L3 experiment [8]. Weak decays of c and b- 
hadrons are simulated such that the measured inclu­
sive charged lepton spectra and the branching ratios 
for charm and beauty decays [9-11] are found to be 
reproduced. In detail, a (V-fA) x(V-A) structure5 
is used for semileptonic charm decays, c— with 
the exclusive branching ratios D° —► K(K*)fo of 
3.8% (2.4%) for the three-body decays and 0.8% for 
multibody decays. The exclusive branching ratios for 
the corresponding D+ decays are 9.8% (6.2%) and 
2% respectively. For semileptonic b-hadron decays, a 
(V-A)x(V-A) structure with inclusive branching 
ratios, b—► X£v, of 10.45% for electrons and muons 
and 2.5% for r ’s is used. The different charm hadrons, 
X, are simulated with semileptonic branching ratios 
for B-+ D ,D *,D **^ of 2.0%, 5.3% and 3.0% re­
spectively. The semileptonic b—> u£v decays have a 
branching ratio of 0.15%. Furthermore, weak b-meson 
decays into hadronic final states are generated without 
polarization and the c and b-baryon states are assumed 
to be unpolarized. For this study the energy spectra of 
the weakly decaying b-hadrons (Bd, Bu, Bs and Ab) 
are simulated with the Peterson function [ 12] with an 
average energy of 72% of the beam energy. As will 
be shown below, a good agreement between the ob­
served charged lepton spectra in the data and in the 
simulation is obtained.
3. The jet energy measurement
To measure the missing energy associated with jets 
as accurately as possible, a special method has been 
developed to obtain the jet energy. The method uses 
the fact that electromagnetic showering particles (pho­
tons and electrons) are measured very accurately in 
the BGO calorimeter, The energy of hadronic show­
ering particles is measured with a non-linear energy
5For the decays D—►KIv a Vx(V-A) structure is expected, 
resulting in a slightly softer neutrino energy spectrum.
380 L3 Collaboration /Physics Letters B 351 (1995) 375-386
response, the e/7r ratio, from a combination of the en­
ergy deposits in the BGO and hadron calorimeters.
The visible energy of a jet is calculated using the en­
ergy deposits from its associated clusters in the BGO 
and hadron calorimeters, as well as the measured muon 
momenta obtained from the muon system. For this 
analysis, all clusters found within a geometrical cone 
of 30° around the jet axis, starting from the most ener­
getic cluster in the calorimeter, are combined to form 
a jet. The event is then divided into two hemispheres 
using the thrust axis. If more than one jet is found per 
hemisphere, pairs of jets are further combined into a 
single jet if their invariant mass is smaller than 25 GeV.
The algorithm used to obtain the best jet energy 
measurement proceeds as follows. The BGO clusters 
are separated into electromagnetic and hadronic show­
ers, using the shower shape in the BGO. On aver­
age, an energy of about 10 GeV per hemisphere is 
found in electromagnetic showers. In addition, an av­
erage energy deposit of about 25 GeV in the BGO and 
the hadron calorimeters, is associated with hadronic 
showering particles. Using jets which contain differ­
ent amounts of well measured electromagnetic en­
ergy, correction factors for the e/1r ratio of hadronic 
showers are determined from the energy deposits and 
the requirement that the energy sum per hemisphere 
from electromagnetic showers, hadronic showers and 
muons should be independent of the fraction of well 
measured electromagnetic energy.
In order to measure the neutrino energy scale as ac­
curately as possible, the ususal jet energy calibration 
method, which uses the beam energy or the center of 
mass energy as a constraint, cannot be used. Instead, 
the Monte Carlo is used to define the energy scale. It 
is required that the average missing energy of jets in 
Monte Carlo events with semileptonic b-hadron de­
cays equals the average neutrino energy. Using this 
condition, the absolute energy scale for the calorime­
ters are defined and used for all Monte Carlo jets.
The calibration constants for the absolute energy 
scale in the data are determined such that the energy 
response to high energy jets, which contain essentially 
no missing energy due to neutrinos, is equivalent to 
the high energy Monte Carlo jets. This energy scale 
is obtained from a Gaussian fit to the jet energy 
distribution between 40 GeV and 65 GeV, a region 
which is largely independent of missing energy due 
to neutrinos. Using this procedure, a mean jet energy
10 r n  i r| n  i j |‘r i v tt i r T rTTT | M ■! r [ r-r r i | n—i i"|VtT'v-:
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Fig. 1. Visible energy per jet in the data and the Monte Carlo. 
The resulting curve from a Gaussian fit with a sigma of 4.2 GeV 
between 40 GeV and 65 GeV for the data is also shown; the 
sigma for the Monte Carlo is found to be 4.6 GeV. The expected 
jet energy distribution from semileptonic b-hadron decays is also 
shown.
of 43.96 GeV is obtained for the Monte Carlo events 
and 43.97 GeV for the data. Separating the data into 
the 1991 and 1992 data samples, the mean energy val­
ues obtained from the fit are found to be 43.94 GeV 
(1991), 43.98 GeV (1992).
The jet energy distribution for the Monte Carlo and 
for the data sample with the fitted curve are shown in 
Fig. 1. The resolution in the data for jet energies be­
tween 40 and 60 GeV is well described by a Gaussian 
distribution with a sigma of 4.2 GeV. The resolution 
in the Monte Carlo is found to be 4.6 GeV, roughly 
10% larger than in the data. For lower visible energies 
the distributions are not Gaussian because of energetic 
neutrinos and detector gaps.
4. The neutrino energy spectrum
Semileptonic b-hadron decays are selected using 
events with inclusive high momentum electron or 
muon candidates which have a measured energy of less 
than 35 GeV. Electrons are identified using the elec­
tromagnetic shower shape in the BGO calorimeter and 
requiring a good geometrical matching of a charged
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and (b) neutrinos in the data and the (V—A )x (V —A) Monte 
Carlo. The estimated contribution from semileptonic b-hadron de­
cays (b— are also shown.
track with this electromagnetic cluster. A total of 5366 
inclusive electrons with an energy above 3 GeV and a 
transverse momentum, pt> of more than 1.4 GeV to the 
nearest jet is selected. The jet direction is estimated 
from all associated clusters excluding the charged lep- 
ton. Muons are identified using tracks reconstructed 
in the muon chambers which point to the event vertex. 
A total of 9746 inclusive muons with a momentum 
above 4 GeV and a pt above 1.4 GeV are found.
The observed energy spectra for electrons and 
muons and their associated neutrinos in the data and 
the Monte Carlo are shown in Figs. 2 and 3 respec­
tively. The corresponding neutrino energy spectra are 
obtained from the missing energy of the associated 
jet, using the difference between the beam energy 
and the jet energy, which includes the charged lepton. 
The neutrino energy spectra for the vQ and v^ can­
didates are shown in Figs, 2b and 3b. The expected 
Monte Carlo spectra from semileptonic b-hadron de­
cays with a (V—A )x(V -A ) decay structure are 
also shown in Figs. 2 and 3. The p and pt spectra for 
the charged leptons are found to be described by the 
Monte Carlo. Discrepancies seen for small charged 
lepton energies and for negative neutrino energies are 
due to uncertainties in the efficiency to identify low
energy electrons and muons, the background and the 
different jet energy resolution in the simulation.
The systematic errors are found to be the limiting 
factor in the interpretation of the measured neutrino 
energy spectra. The dominant systematic error contri­
butions arise from the uncertainties in the jet energy 
calibration, the background from misidentified leptons 
and from the uncertainties in the Monte Carlo descrip­
tion of the charged lepton spectra.
The quality of the calibration for different quark 
flavors, ha$ been studied using subsamples of events 
which are enriched in either light quark-flavor (u, d, s 
and c) or in b-flavor primary quarks. The subsamples 
la and lib are selected using a tag with high-energy 
hadrons or energetic leptons in one jet. An event tag, 
based on the b-lifetime, is used to select subsamples 
lb and Da. For this event tag, the well measured tracks, 
with a transverse momentum of more than 500 MeV 
with respect to the beam direction and a distance of 
closest approach to the fill vertex of smaller than 1.2 
mm, are used. For these tracks, the intersection point 
with the thrust axis is calculated. A jet vertex is ob­
tained by averaging the intersection points from the 
tracks found in the same hemisphere as the jet, weight­
ing each point with the measured pt of the track with
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respect to the thrust axis. If more than three tracks are 
accepted, only the three tracks with the largest esti­
mated distance from the fill vertex are used to calcu­
late the jet vertex. The distance distribution between 
these two jet vertices, used to select samples lb and 
Ha, is found to be described by the Monte Carlo sim­
ulation with an average lifetime of 1.54 psec for the 
weakly decaying b-hadrons. The b-flavor event frac­
tion of sample Ha has been estimated with a relative 
accuracy of better than 3%.
- Sample la is selected with the requirement that a 
high *(=  £//JFbeam) particle i is found in at least 
one jet. It is required that either a high momentum 
track with a momentum above 60% of the beam en­
ergy and an associated calorimeter cluster of more 
than 50% of the beam energy, or that an energetic 
7T° candidate with an energy above 50% of the beam 
energy is found in one jet. With the additional re­
quirement that no electron or muon candidates are 
found in these events, the remaining b-fraction is 
determined to be 7%. The reconstructed jet energy 
distribution in the jet opposite to the one which con­
tains the high x particle defines this light quark- 
flavor enriched event sample.
- Sample lb is obtained from events, which have a 
negative reconstructed decay distance between the 
two jets. With the requirement that no electron or 
muon candidate is found in the event, the fraction 
of b-flavor events in this light quark-flavor sample 
is estimated to be 8%.
- Sample Ila is selected with the requirement that 
the estimated decay distance between the two jets 
is larger than 3.5 mm; the fraction of bb events is 
determined to be about 61%.
- Sample Hb has a bb fraction of 80% and is obtained 
from the events which contain an energetic electron 
or muon candidate, selected with the criteria de­
scribed above, in one jet. The reconstructed energy 
distribution in the jet opposite to the one contain­
ing the charged lepton is used for the comparison 
between the data and the Monte Carlo.
The observed mean energy and r.m.s. (a ) per jet, 
obtained from a Gaussian fit between 40 GeV and 
65 GeV, for these b-flavor depleted and enriched event 
samples in the data and in the Monte Carlo are given 
in Table 1.
The overall distributions of the visible energy per 
hemisphere for the different flavor dependent selec-
Table 1
The mean jet energies with their statistical errors and the r.m.s. 
obtained from Gaussian fits between 40 and 65 GeV to the visible 
energy spectrum per hemisphere. Event samples la and lb are light 
quark-flavor enriched and Ila and lib are b-flavor enriched
Event
sample
Data Monte Carlo
<£;«> a ( V cr b-
[GeV] [GeV] [GeV] [GeV] fraction
la 44.46 ± 0.03 4.1 44.49 ± 0.03 4.5 7%
lb 44.19 ± 0.01 4.1 44.23 ± 0.01 4.5 8%
Ila 43.65 ± 0.03 4.2 43.49 ± 0.02 4.6 61%
lib 43.31 ± 0.05 4.3 43.18 ± 0.04 4.7 80%
tions are found to be well described by the Monte 
Carlo simulation. For visible energies below 30 GeV, 
the non-Gaussian tails in the light quark-flavor sam­
ples are about 10% larger in the data than in the sim­
ulation. The resolutions obtained from Gaussian fits 
between 40 and 65 GeV for the four subsamples are 
between 4.1 GeV and 4.3 GeV for the data and be­
tween 4.5 GeV and 4.7 GeV for the Monte Carlo.
The mean energy values obtained from thè fits to the 
light quark-flavor enriched event samples in the data 
are 30 to 40 MeV lower than the ones from the Monte 
Carlo. The mean energy values for the b-eririched sam­
ple Ila in the data shows a 160=L40 MeV higher value 
than in the Monte Carlo. For sample lib, which has a 
higher b-purity, the discrepancy between the data and 
the Monte Carlo is found to be 130±60 MeV. Un­
certainties in the charm energy spectra from hadronic 
b-decays and the simulation of the neutrino energy 
spectra from semileptonic cascade charm decays have 
been studied as a possible origin of the observed dif­
ference between the data and the Monte Carlo. These 
uncertainties might explain up to 100 MeV of the ob­
served difference for the mean energy value in the data 
and the Monte Carlo simulation for the b-flavor en­
riched event samples. As the reason for the difference 
between the data and the Monte Carlo is not well un­
derstood, a discrepancy of 150 MeV between the data 
and the Monte Carlo from the b-flavor enriched sam­
ples is used as an estimate for the systematic error of 
the energy calibration.
The predicted charged lepton and neutrino energy 
spectra are correlated with the purity of the tagged 
semileptonic b-decay candidates. These depend on 
the semileptonic branching ratio of b-hadrons and on
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background contributions. According to the Monte 
Carlo, the electron sample consists of 75% identified 
b-+Xe^e decays; 5% of the leptons originate from 
semileptonic cascade charm decays b-+c-+Xeye; 5% 
are background from bb events and 15% from charm 
and light quark-flavor events. The corresponding 
numbers for the inclusive muon sample are 64% iden­
tified b-+X/j,Vp decays, 9% b—►c-^X/z,^ decays, 5% 
background in bb events and 22% background from 
charm and light quark-flavor events.
From a variation of the assumed semileptonic b- and 
c-branching ratios in the Monte Carlo according to the 
errors given in [9], the total relative uncertainty for 
the purity of identified semileptonic b-hadron decays 
is determined to be less than ±5%. This corresponds 
to an estimated semileptonic b-hadron fraction for the 
electron sample of 75±4% and for the muon sample 
of 64±3%. A change of the assumed purity from 75% 
to 79% would increase the predicted average neutrino 
energy by 150 MeV and would decrease the average 
electron energy by 30 MeV. For the muons, a variation 
of the purity from 64% to 67% would increase the av­
erage predicted neutrino energy by 120 MeV and in­
creases the average muon energy by 50 MeV. The esti­
mated background contributions have also been stud­
ied using independent subsamples of charged lepton 
candidates which are found in the light flavor and b- 
flavor enriched lifetime event samples la and Ha. As 
a result one finds, with small statistical significance, 
that the estimated backgrounds from the Monte Carlo 
are too low in the electron sample and too high in 
the muon sample. A correction for these effects would 
change the estimated purities of identified semilep­
tonic b-hadron decays by less than 2% relative.
The sensitivity of the average neutrino energy to the 
purity of the identified semileptonic decays has been 
studied using the subsample of semileptonic b-decay 
candidate events which are found in the lifetime tagged 
bb-sample Ha. This leads to a subsample of 1420 in­
clusive electron candidates and 2409 muon candidates. 
The purity for semileptonic b-hadron decays increases 
to 87% for the inclusive electron sample and to 76% 
for the inclusive muon sample. The predicted increase 
in the average neutrino energy for these subsamples 
of about 650 MeV with respect to the overall samples, 
is reproduced within 30±230 MeV for the electron 
tagged events and 260±180 MeV for the muon tagged 
events, where the errors are statistical only. As the rel-
Table 2
The dominant contributions to the systematic error for the average 
charged lepton and neutrino energy measurement
Error
source
A£(e±)
[MeV]
A£(i>c) 
[MeV] [MeV]
A £ ( ^ )
[MeV]
Jet energy 
calibration 150 150
Purity of b—► 
Xtv ±5% 30 150 50 120
£* Energy 
uncertainty 100 100 100 100
Combined error 105 235 110 215
ative energy sharing between the charged lepton and 
the neutrino is used to determine the underlying struc­
ture of the W* polarization, the agreement between 
the charged lepton spectra in the data and the Monte 
Carlo is important. The b-hadron energy spectrum in 
the simulation has been simulated such that both the 
electron and the muon spectra are described simulta­
neously. The obtained agreement is not perfect as the 
average energy for detected electron candidates in the 
data is 100±I10 MeV lower than the corresponding 
one from the Monte Carlo; for the muon candidates 
the average energy in the data is 200±70 MeV higher 
than the one in the Monte Carlo. The uncertainties in 
the prediction from the background corresponding to 
a change of about 50 MeV have already been taken 
into account. As the agreement for the average charged 
lepton energy is not perfect, an additional systematic 
error of ±100 MeV due to momentum dependent ef­
ficiency uncertainties, is assumed for both the predic­
tion of the average energy of the charged leptons and 
the neutrinos.
Adding the different error contributions in quadra­
ture, the total systematic error on the average energy 
is 235 MeV for the vt candidates and 215 MeV for 
the Vp candidates. The individual contributions to the 
error are shown in Table 2.
5. The structure of the weak charged current
Once the charged lepton spectra are described by a 
given model, the neutrino energy spectra are predicted. 
Therefore, a relative energy measurement of both the 
charged lepton and the neutrino allows the parity vio-
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The measured average lepton energies < Et > in the data and the difference between the data and the Monte Carlo for a (V—A) x (V—A) 
and a (V-f A) x (V—A) b-decay model. The first error is the statistical error for the average energy values estimated from the r.m.s. of 
the distributions; the second error is the combined systematic error. The difference between average energies of the charged leptons in 
the (V-f-A) x(V-A) and the (V—A) X(V—A) model is constrained to be zero using a harder b-hadron fragmentation function for the 
(V-j-A)x(V—A) model
Table 3
Type Particle Data [GeV]
{El)
(V -A )x (V -A ) model (V+A) x(V~A) model
b—►Xej'e 
b—>Xeye
b—* XpVfi 
b~+ XfLVfi
electrons
neutrinos
muons
neutrinos
12.12
6,44
12.11
6.08
100 ± 110 ± 105 
120 ± 120 ± 235
200 ± 70 ± 110 
180 ± 85 ±215
-100 ± 110 ± 105 
-1020 ± 120 ± 235
200 ± 70 ± 110 
“ 590 ± 85 ± 215
lation strength in semileptonic b-hadron decays to be 
determined. This can be done from a comparison of 
the average neutrino energy and the neutrino energy 
spectra in the data with different model predictions,
The accuracy in the measurement of the average 
neutrino energy mainly allows us the extreme as­
sumptions of the free quark spectator model with 
a (V-A )x(V-A ) or an exotic (V+A) x(V —A) 
decay structure possibility to be distinguished. The 
neutrino energy spectra for the (V+A) x(V —A) 
case have been obtained from a 4-vector Monte Carlo 
(V+A) x (V-A) simulation. This technique has been 
tuned by comparing a 4-vector (V—A)x(V-A) 
structure with the fully simulated events. The con­
straint that the average charged lepton energy remains 
constant is obtained with a harder b-fragmentation 
function, which increases the average b-hadron energy 
by about 7%. Using this procedure and correcting for 
background, the predicted average neutrino energies 
were found to be 900±70 MeV larger for and 
770±60 MeV larger for in the (V+A)x(V-A) 
simulation when compared to the (V -A )x(V —A) 
case.
The average energies for the charged leptons and 
the neutrinos in the data and the difference between 
the data and the Monte Carlo with a (V—A) x (V-A) 
and a (V+A)x(V—A) b-decay structure are given 
in Table 3. The measured average neutrino en­
ergy is found to be in good agreement with the 
(V-A)x(V-A) model and disagrees with the 
(V+A)x(V—A) model. Using the difference be­
tween the observed and predicted average neutrino 
energy, the (V+A)x(V-A) decay structure can be
excluded with a significance of 3.8 standard devi­
ations from the b—► Xeve candidates and with 2.5 
standard deviations from the b—► XfiVp candidates. 
Using alternatively the difference between the aver­
age energies of the charged lepton and the neutrino, 
the (V+A) x (V—A) structure can be excluded with 
a significance of about 3 standard deviations for each 
event sample. For a model with a kaon-like b-hadron 
decay structure with unpolarized virtual W±Js the 
predicted average neutrino energy would be roughly 
400 MeV larger than in the (V—A) x (V—A) model. 
This possibility is disfavored by the data and can be 
excluded by more than 2 standard deviations if the 
two neutrino measurements are combined.
In Figs. 4a and b, the energy spectra of the and 
Vp candidates are compared with (V+ A)x(V—A) 
and (V-A)x(V-A) simulations, using a Gaussian 
sigma of 4,2 GeV. A good description of the data is 
obtained for the (V—A )x (V —A) structure, while 
the (V+A)x(V-A) simulation shows a harder en­
ergy spectrum. To obtain a quantitative result from the 
spectrum, the numbers of observed neutrino events in 
four different energy regions have been compared with 
different model predictions. Large energy intervals 
were used to reduce the sensitivity to the systematic 
uncertainties in the accuracy of the neutrino energy 
measurement. The observed number of neutrino events 
per interval in the data and the difference between the 
number of data events and the ones expected by the 
different models are given in Table 4. The systematic 
errors have been obtained from a variation of the accu­
racy of the neutrino energy measurement, the accuracy 
was simulated with a Gaussian sigma of 4.2±0.2 GeV;
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The observed number of events for different neutrino energy regions in the data and the difference between the data and the different
models. The errors given for the difference include the estimated statistical and systematic errors due to background, energy scale and the 
assumed accuracy of the neutrino measurement.
Table 4
y-energy range
[GeV]
^Daia ^Daia - NmC
(V -A )x (V -A ) (V+A) X (V-A) V x (V -A )
b—► Xcvt candidates < 0.0 960 —27 ± 39 ± 47 83 ± 39 ± 42 42 ± 39 ± 44
0.0-6.0 1782 11 ± 53 ± 101 97 ± 53 ± 96 39 ± 53 ± 99
6.0-16.0 2106 58 ± 58 ± 107 60 ± 58 ± 107 60 ± 58 ± 107
> 16.0 518 —42 ± 29 ± 21 -241 ± 31 ±- 28 — 140 ± 30 ± 24
b—* XfjLVp candidates < 0.0 1897 -76 ± 55 ± 119 37 ± 55 ± 112 -16 ± 55 ± 116
0.0-6.0 3245 -132 ± 71 ± 78 65 ± 71 ± 73 -54 ± 71 ± 76
6.0-16.0 3694 119 it  75 ± 79 152 ± 75 ± 78 132 ± 75 ± 78
> 16.0 904 85 ± 37 ± 46 -258 ± 39 ± 65 -67 ± 38 ± 54
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Fig. 4. The missing energy spectrum of b-+X£v candidates in 
the data and in the Monte Carlo with a (V+A)x(V—A) and a 
(V—A )x (V —A) b-hadron decay structure, (a) is for vt candi­
dates and (b) for candidates. The systematic uncertainties due 
the v energy resolution and the background are not included.
the relative purity error of ±5% and a possible en­
ergy scale shift between the data and the models 
of ±200 MeV. The largest differences between the 
(V -A )x (V -A ), (V+ A)x(V-A) and the unpolar­
ized V x (V—A) b-decay models are seen for the num­
ber of predicted high energy neutrinos. For low ener­
gies, the systematic errors due to the resolution of the
measurement and the background contributions limit 
the possibility to discriminate between the models.
Taking only the number of observed events with 
neutrino energies above 16 GeV, the data are found to 
be in agreement with the (V—A )x (V —A) b-decay 
model and disagree with a significance of 5.7 and 3.7 
standard deviations from the ( V+A) x ( V~A) model 
for the b—► Xez^ e and b—► X/ip ^ candidates respec­
tively. The obtained accuracy of this inclusive po­
larization measurement is more significant than mea­
surements of the parity violation strength in exclusive 
B u d —> D *lv decays [13]. Using the energy corre­
lations between the charged lepton and the D* me­
son, the CLEO collaboration has excluded a possi­
ble (V±A) x(V—A) b-decay structure with a signif­
icance of about 4 standard deviations.
The possibility of a b-decay model with a kaon-like 
Vx(V-A) decay structure can be excluded by more 
than 3.5 standard deviations from the number of high 
energy neutrino events for the b—► Xevc candidates. 
The neutrino energy spectrum from the b—► Xfxv 
candidates is found to be equally consistent with the 
(V-A)x(V-A) and the Vx(V-A) case.
We have also investigated if the measurement can 
be used to distinguish between the free quark model 
and exclusive b-decay models [14]. For these exclu­
sive b-decay models the W* polarization also depends 
on the spin of the produced hadron state. For exam­
ple, the exclusive decays Bu,d,s D u .d ^  are simu­
lated with a Vx (V-A) structure and show no polar­
ization, while the majority of the other states are sim­
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ulated with the (V—A) x (V-A) structure. The com­
bination of the different decay modes was found to 
give essentially the same lepton spectra with at most 
a 50 MeV harder neutrino energy spectra when com­
pared to the one obtained from the free quark model. 
Unfortunately, this difference is smaller than the accu­
racy of the measurement. The possibility that the ex­
pected large b-quark polarization is transfered to the 
b-baryon states6 results in a small uncertainty for the 
predicted neutrino energy spectrum. Assuming that the 
b-quark polarization is completely transfered to the b- 
baryons, the predicted average neutrino energy would 
decrease by at most 80 MeV. Again, the difference is 
smaller than the accuracy of the measurement.
6. Conclusions
The inclusive neutrino energy spectrum in semilep- 
tonic b-hadron decays has been measured from the 
missing energy of jets which contain energetic high 
pt electron or muon candidates. The neutrino en­
ergy is measured with a resolution of about 4.2 GeV 
and an absolute energy scale accuracy of better than 
±150 MeV. Including the uncertainties due to the 
purity and the charged lepton spectra, the average 
neutrino energy is measured with a precision of 
±235 MeV in the electron and ±215 MeV in the 
muon tagged b-hadron decays.
The observed number of neutrino candidates with 
energies above 16 GeV excludes b-hadron decay 
models with a (V±A)x(V—A) structure by more 
than 6 standard deviations and excludes the possibil­
ity that hadronic corrections to semileptonic b-hadron 
decays destroy any polarization of the virtual by 
more than 3 standard deviations. In contrast to these 
exotic possibilities, the measured inclusive neutrino 
energy spectra are found to be in good agreement 
with the virtual W* polarization expected from a 
(V-A) x (V —A) b-hadron decay structure.
For lower neutrino energies the systematic errors 
are found to be too large to draw definite conclusions. 
Nevertheless, using only the measurement of the aver­
age neutrino energy, models with a (V-A) x (V—A) 
b-decay structure are found to be in good agreement
6 Because of the long lifetime of b-hadrons, any possible primary 
b-quark polarization is lost for the spin 0 BUi(j4 mesons.
with the data, while the much larger average neutrino 
energy expected from a (V-fA)x(V—A) b-hadron 
decay model can be excluded by about 4.5 standard 
deviations.
Acknowledgments
For several useful discussions we would like to 
thank Z. Was, E. Richter-Was and I. Bigi.
We also wish to express our gratitude to the CERN 
accelerator divisions for the excellent performance of 
the LEP machine. We acknowledge the contributions 
of all the engineers and technicians who participated in 
the construction and maintenance of this experiment.
References
[ 1 ] See, for example, D.G, Cassel, b physics, Proceedings DPF 
92 (World Scientific, Singapore 1992) Vol. 1, p. 213-231,
and references therein.
[2] G. Altarelli et al., Nucl. Phys. B 208 (1982) 365.
[3] M. Gronau and S. Wakaizumi, Phys. Rev. Lett. 68 (1992') 
1814.
[4] M. Dittmar and Z. Was, Phys. Lett. B 332 (1994) 168.
[5] L3 Collab., B. Adeva et al., Nucl. Inst, and Meth. A 289 
(1990) 35; O. Adriani.et al., Phys. Rep. 236 (1993) 1.
[6] L3 Coilab., B. Adeva et al., Z. Phys. C 51 (1991) 179.
[7J T. Sjostrand, Comput. Phys. Commun. 27 (1982) 243;
and “PYTHIA 5.6 and JETSET 7.3: Physics and manual”, 
preprint CERN-TH.6488/92.
[8] The L3 detector simulation is based on GEANT Version 
3.14; see R. Brun et al., GEANT 3, CERN DD/EE/84-1 
(Revised), September 1987 and the GHEISHA program (H. 
Fesefeld, RWTH Aachen Report PITHA85/02 (1985)) for 
the simulation of hadronic interactions.
[9] Particle Data Group, L. Montanet et al., Phys. Rev. D 50
(1994) 1173.
[ 10] DELCO Collab,, W. Bacino et al., Phys. Rev. Lett. 43 (1979) 
1073;
MARK III Collab., R.M. Baltrusaids et al., Phys. Rev. Lett. 
54 (1985) 1976.
[11] ARGUS Collab., H. Albrecht et al., Phys. Lett. B 318 (1993) 
397;
see also CLEO Collab. J. Gronberg et al., CLEO Conf 94-6.
[12] C. Peterson et al., Phys. Rev. D 27 (1983) 105.
[13] CLEO Collab., S. Sanghera et al., Phys. Rev. D 47 (1993) 
791;
ARGUS Collab., H. Albrecht et al., Z. Phys. C 57 (1993) 
533.
[14] M. Wirbel, B. Stech and M. Bauer, Z. Phys. C 29 (1985) 
637;
N. Isgur, D. Scora, B. Grinstein and M. Wise, Phys. Rev. D 
39 (1989) 799.
